Abstract Long-term exposure to organophosphate pesticides (OPs) without acute poisoning can lead to various OPs. Environmental exposure to organophosphate pesticides may be associated with depression and suicide attempts in a population living in a rural agricultural area. Patients (n = 149) suffering from major depressive disorder (with and without attempted suicide) and a control group of healthy individuals (n = 64) who had been living in the same rural district for at least 1 year were selected. Red blood cell acetylcholine esterase (RBC-AChE) activity was examined as the basis of evaluating the degree of chronic environmental exposure to OPs residues. There were negative association between RBC-AChE activity levels and suicide attempts, the number of past suicide attempts and hopelessness levels in the depressive patients.
Introduction
The suicidal behavior as one of the significant public health problem represents the 10th common cause of death in worldwide [1] . Besides the great differences for suicide rates among different countries, some studies have reported the different suicide rates among different regions of the same country as well [2] . High suicide rates have been reported especially in the rural areas [2, 3] . The underlying causes of these regional disparities are not clear. Suicide is a complex phenomenon and may be the result of an interaction of multiple biological, psychological and socioeconomic factors as well as environmental pollutants [4] . High suicide rates were also reported in areas where organophosphates were used [5] .
Organophosphates (OPs) are the most widely used group of pesticides and the use and availability of them are significant concerns for the studies on mental health. Not only these chemicals are used for suicide attempts but also their possession may be directly associated with mental disorders [6] . Pesticides exposure is reported as a possible risk factor for Parkinson's disease, Alzheimer's disease, attention deficit hyperactivity disorder, depressive and anxiety disorders and for mortality ascribed to mental disorders [7] [8] [9] . The association between OPs storage and suicidal ideation has been reported for several years [6] .
Although OPs are widely used in agriculture and even household environments as insecticides, their usage is not sufficiently controlled, and then poisoning has become a significant public health issue [10] . OP poisoning by inhalation, swallowing and through contact with the eyes or skin are grouped in three main categories; occupational accidents, intentional poisoning (as attempted suicide), and non-occupation-related accidental poisoning (in the household) [4] . Toxic effects of low-dose, long-term environmental exposure to OPs without acute poisoning are matters for researches recently. The consumption of foods contaminated with OPs residues is the most frequent reason for exposure [11] . Two of the other causes of low doselong term exposure to pesticides are related to the consumption of contaminated water and the inhalation of contaminated air by residues [12] .
The family of cholinesterases (ChEs) is one of the most important enzymes in the bodies of human beings, other vertebrates and insects and necessary for the health of the central nervous system. The mechanism of action of OPs pesticides involves the accumulation of acetylcholine in the nervous system through the inhibition of acetylcholinesterase (AChE). There are three types of AChE enzymes in human beings: Red blood cell (erythrocytic) AChE (AChE), plasma ChE (pseudocholinesterase), and cerebral AChE [13] . AChE in red blood cells and nervous system are the similar types of enzyme [14] . Plasma ChE is synthesized in the liver. The activity levels of AChE and pseudocholinesterase can be measured in the blood. Plasma ChE and AChE activities have been used for monitoring workers who were exposed to OPs and also used for investigating accidental exposures. Firstly, plasma ChE activity is immediately inhibited after exposure, and this is used to evaluate the OPs poisoning at an early stage, while AChE is used to evaluate long-term exposure. Plasma enzyme activity shows an exponential pattern of recovery. Because its half-life time is 12 days, recovery is completed in 50 days and is consistent with the de novo synthesis rate. The mean recovery of AChE activity appears linear over time. The enzyme returns to its unexposed activity after about 82 days; this depends on the life-span of red blood cells [15] . For these reasons chronic exposure to OPs in human beings has been correlated with AChE activity [16] .
According to our knowledge, there isn't enough research subjecting the psychological effects of environmental exposure to OPs among a non-farmer population living in an agricultural district and this study tries to propound those effects for OPs. This study was designed to examine the relation between AChE activity levels and environmental low-dose, long term exposure to OPs in a population living in an agricultural area who had suicidal behavior with depression.
Materials and methods

Study population and design
The present study was carried out in the Suleyman Demirel University Medical Faculty Research and Clinical Practices Hospital, in Isparta, Turkey. Subjects were enrolled to study from inpatient, outpatient and emergency departments of psychiatry clinic. The SCID-1 (Structured Clinical Interview for DSM-IV Axis I Disorders) was applied for the psychiatric diagnosis of the patients and controls [17] . Beck's Depression Inventory [18] , Beck's Anxiety Inventory [19] , Impulsivity Scale [20] and Hopelessness Scale [21] were used to evaluate depression, anxiety, hopelessness and impulsivity levels of patients and healthy controls.
The patients diagnosed as major depressive disorder (MDD, totally n = 149) were divided into two groups according to the subjects who had attempted suicide (n = 73) or not (n = 76). A healthy control group (n = 64) was selected from the general population and hospital personnel. The patients selected for the study, as well as the healthy controls, were chosen from the local community and who had been living in the Isparta-Burdur agricultural district for at least 1 year.
Suicide methods are commonly distincted into two main categories. Firearm, hanging, cutting with sharp objects, jumping from high places and corrosive substance drinking are classified as violent methods; while overdose and poison by gases are classified as nonviolent methods.
Subjects who had attempted suicide with organophosphates, either on this occasion or previously, and diagnosed with MDD related to organic etiologies, alcohol or substance addiction, farmers, or persons working at jobs where OPs are used were excluded from the study. It had been postulated that the second and third generation cholinesterase inhibitors clinically used in the treatment of Alzheimer's Disease (Tacrine, Donepezil, rivastigmine, Galanthamine) inhibit AChE in a therapeutic efficacy window at a rate of 30-60 % [22] . For this reason patients taking medications to treat Alzheimer's disease were excluded from the study. Subjects with anemia were also excluded from the study.
Ethical considerations
The study protocol was approved by the Suleyman Demirel University Medical Faculty Board of Ethics. Informed consent was obtained from all individual participants included in the study.
Determination of AChE activity
After obtaining the informed consent 4 ml of venous blood was drawn from each participant into tubes containing K 2 EDTA to determine the level of AChE activity The anticoagulated blood was separated into plasma and erythrocytes by centrifugation at 1500g for 10 min at ?4°C. The RBC samples were washed three times in cold isotonic saline (0.9 %, v/w) and then hemolyzed with 2 ml of bidistillated water. All samples were preserved at -80°C until the date of analysis. Hemoglobin concentration was determined by the cyanmethemoglobin method from the hemolyzed erythrocytes [23] . Two biochemists who were blinded to patients and controls measured AChE activity using the colorimetric method defined by Ellman et al. [24] . The amount of substrate hydrolyzed was correlated with hemoglobin concentration levels to calculate AChE activity in terms of International Units/Hemoglobin (IU/HgB).
Statistical analysis
SPSS statistical software package 13 (SPSS; Chicago, IL) was used for all statistical evaluations. Comparisons between groups were analyzed using the Student's t test, the MannWhitney U test, the Chi-square test and ANOVA depending upon the distribution of the variable. Correlation analysis was performed with the Spearman correlation test. ROC analysis was performed to find the cut-off value for the AChE activity (B316.8443) of patients. Binary logistic regression analysis was made for evaluation of different variables on suicide. We used the Cochran-Mantel-Haenszel (CMH) method to generate an odds ratio adjusted for occupation. Statistical significance was accepted as p \ 0.05.
Results
The demographic data, AChE activity for the MDD (with and without suicide attempt) and control groups were presented in Table 1 and methods of attempted suicide were presented in Table 2 . There was no significant difference between groups in terms of age, gender, or the area in which the person had lived in the last year (provincial center/surrounding towns and villages). Years of education was lower in the MDD group than in the controls, and unemployed subjects had a higher frequency in the MDD group than in the controls (p \ 0.0001). Although AChE activity in the MDD group (321.03 ± 120.00 IU/HgB) was lower than in the healthy control group (348.58 ± 118.94 IU/HgB), the difference was not significant (p = 0.127). When the MDD group was divided into those who had attempted suicide and those who had not, it was found that levels of AChE activity of the MDD patients who had attempted suicide (n = 73) (291.56 ± 112.94 IU/ HgB) were significantly lower than those of MDD patients who had not attempted suicide (n = 76) (349.34 ± 122.21 IU/HgB), and those of the healthy controls (348.58 ± 118.94 IU/HgB) (p = 0.004) (Fig. 1) . In logistic regression models, the unadjusted odds ratio (OR) for the association between AChE activity and suicide attempt was 0.392 (95 % confidence interval, CI 0.209-0.734 and p = 0.003). Years of education, gender and age were not significant but occupation was significantly associated with suicide attempt in this model. After the adjustment for occupations in the logistic regression analysis, the OR for the association between AChE activity and suicide attempt was OR CMH = 0.394 (95 % confidence interval, CI 0.214-0.727 and p = 0.003).
A negative correlation was found between the number of suicide attempts of the patients in the past and their AChE activity levels (r = -0.227, p = 0.001).When the patients' suicide attempt methods were classified as violent (n = 18, 24.7 %) and non-violent (n = 55, 75.3 %) ( Table 2) , it was seen that the AChE activity levels (256.34 ± 94.73 IU/HgB) of those who had chosen violent methods in their suicide attempts were lower than the levels of A negative correlation was found between hopelessness levels in the patient group (with and without suicide) and AChE activity levels (r = -0.155, p = 0.025). No correlation was found between patient group AChE activity levels and the Beck depression scale (p = 0.189), the Beck anxiety scale (p = 0.767) and the Impulsiveness scale (p = 0.258).
Discussion
The present study found a strong independent association between low AChE activity levels and suicide attempts, the number of past suicide attempts and hopelessness levels in the depressive patients among a non-farmer population living in an agricultural district. With respect to confounding factors, the logistic regression analysis showed that none of the covariates accounted substantially for the association identified between exposure to OPs and suicide attempts. Long-term exposure to OPs without the existence of acute poisoning has been associated with memory or emotional problems and with neurobehavioral effects such as depression, suicidal thinking, fatigue, alcohol intolerance and reduced performance described as a syndrome named as chronic organophosphate-induced neuropsychiatric disorder (COPIND) in farmers and people who work in occupations with access to OPs [25] . The findings on persons who do not work with OPs as a primary occupation but live in rural districts widely polluted with OPs are very scarce. In communities where pesticides were used and stored; high levels of urine metabolites were determined in children [26] ; and the association of urinary OPs metabolites and attention deficit hyperactivity disorder was found also [9] . In addition low AChE activity has been associated with deficits in neurodevelopment, particularly in attention, inhibitory control and memory [27] .
The levels of AChE activity of the MDD patients who had not attempted suicide were lower than those of the healthy controls but the difference was not significant. However a negative correlation was found between low AChE activity and hopelessness level in the MDD patients (with and without suicide). In this condition hopelessness may be more associated with suicide than depression [28] . Also we did not find any association between the AChE activity and the impulsivity level of patients, in contrast to studies which reported a relationship between OPs exposure and impulsivity in rats [29] . The variation in impulsivity and depression levels may be caused by OPs exposure dose dependently; this could be established by studies on larger populations. In our study no significant association between low AChE activity and gender was found, but gender interaction was reported with OPs exposure in several studies [27, 30, 31] . Low AChE activity was related with deficits in neurodevelopment, particularly in attention, inhibition, and memory in boys but not in girls [27] . Prenatally organophosphate exposed children had greater decreases in attention among boys versus girls in agricultural areas in California [30] and in working memory among children in New York City [31] . Animal studies have also determined greater detrimental neurochemical and behavioral effects among males after exposure to organophosphates [32] .
Although no special biomarker is determined for detecting long term low-dose exposure to OPs, AChE activity has been correlated with measureable physiologic changes in people exposed to organophosphates [16, 33] . Synaptic and erythrocytic AChE are functionally similar so changes in erythrocytic AChE activity may reflect the situation in target tissues, especially in the brain. OPs has been reported to inhibit brain AChE activity in rats with significant AChE inhibition in the hippocampus [32] . Hippocampus is a structure with important roles in depression, suicidal events, memory and imagination [34] . Animal studies demonstrate that OPs inhibit AChE levels in the brain and produce such effects as keeping serotonin concentration levels low and targeting various neurochemical factors such as growth factors, various neurotransmitters and secondary messengers [35, 36] . Nevertheless, AChE inhibition is a sign of exposure to OPs, other neurotoxic mechanisms may exist also.
Our findings provide insight on AChE inhibition and its short-term association with suicide attempt and hopelessness in depressed patients. Whether patient's suicidal thinking and hopelessness would improve after full recovery of their AChE activity is not known. Exposure to OPs may be in various routes and may be chronic. OPs can remain active for long periods by reaching soil and water sources and may induce a long-term, low-dose exposure especially in persons living in areas of the intensive OPs use [4] . OP residues have been detected in a variety of fruits and vegetables, in milk, soil, drinking water, fish, and stored grains. Moreover, in several studies from Turkey and from other countries a significant proportion of the samples was determined to contain OPs above the tolerance limit [11, 37] .
Our study has certain limitations. One of them is OPs residues in the urine of subjects which could not be measured simultaneously. However short half-lives of OPs in blood (approximately 1 day) and variations in daily and seasonal exposure lead to great daily variability of OPs metabolites in urine [38, 39] . Measurement of AChE activity may overcome these problems. Because AChE inhibition is a physiologic reaction to OPs exposure and AChE levels is not affected by OPs metabolism and individual's sensitivity. Erythrocytic and neuronal AChE has similar activity and brain AChE has been reported to be derogated after chlorpyrifos exposure in rats [14, 32] . And also erythrocytic AChE has a long salvage time (82 days) [15] , intraindividual changeability is low [40] , is taken into account as a stable appraisal of past exposures to cholinesterase inhibitors [41] . In epidemiologic studies it is reported that a single measure of AChE activity can be an adequate indicator of pesticide exposure [42] . Second limitation is occupation difference in suicide attempters. Unemployed persons had the lowest AChE activity among the suicide attempters, but we were not able to explain this issue. Other limitation is eating habits and drinking water source. We tried to create similar groups according to socio-demographic and habitat circumstances however we did not include eating habits and drinking water. No measurement could be performed to determine whether food and drinking water contained residues of OPs or not.
In conclusion, the results of the study are consistent with the view that patients with major depression who attempt suicide have been exposed to OPs for longer periods and the possibility of long-term and chronic OPs exposure may be one of the determinants of the attempting suicide. Our study may have significance in terms of pointing to the indirect effects of OPs on the mental health of human beings. Agricultural areas may have a higher level of OPs residues in the soil, drinking water, and air than other regions without agriculture. The local non-farming population may be at risk of mental disorder and especially suicidal behavior. Moreover there may be variations in drug responses during the treatment of suicide attempters due to OPs exposure presence. This is an issue that needs to be investigated with further research.
